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57 ABSTRACT 

Hydroxymethyl-cyclopropane (cyclopropyl-methanol) can 
be obtained in a manner which is both economical and 
environment-friendly by catalytic hydrogenation of cyclo 
propanecarboxylic acid alkyl esters under increased pressure 
at elevated temperature if a chromium-free zinc oxide cata 
lyst is employed as the catalyst. 

12 Claims, No Drawings 
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PROCESS FOR THE PREPARATION OF 
HYDROXYMETHYL-CYCLOPROPANE 

The present invention relates to a process for the prepa 
ration of hydroxymethyl-cyclopropane (cyclopropyl 
methanol) by hydrogenation of alkyl esters of cyclopropan 
ecarboxylic acid in the presence of a chromium-free catalyst 
comprising zinc oxide. 

Hydroxymethyl-cyclopropane is used as a synthesis unit 
in the preparation of medicaments and plant protection 
agents. 

It is known from U.S. Pat. No. 4,720,597 that 
hydroxymethyl-cyclopropane can be obtained by catalytic 
hydrogenation of cyclopropanecarboxylic acid esters. 
Although this process gives considerably improved yields 
compared with processes of the prior art mentioned in this 
U.S. patent, it is necessary to employ a Zn-Cr catalyst, 
which is characterized by the high toxicity of the Cr com 
pound used. 

There was therefore the need to develop a hydrogenation 
process for the preparation of hydroxymethyl-cyclopropane 
from cyclopropanecarboxylic acid esters which is both eco 
nomical and environment-friendly and, in particular, can be 
carried out without highly toxic Cr compounds. It has now 
been found, surprisingly, that both aims can be achieved by 
the use of a Zn-containing catalyst with which the toxic Cr 
can be dispensed with. 

The invention relates to a process for the preparation of 
hydroxymethyl-cyclopropane from cyclopropanecarboxylic 
acid C-Co-alkyl esters, which is characterized in that the 
cyclopropanecarboxylic acid esters are hydrogenated with 
excess hydrogen in the presence of a chromium-free catalyst 
comprising zinc oxide under 50 to 350 bar at 150° to 350° 
C. 

Cyclopropanecarboxylic acid alkyl esters for the process 
according to the invention are those in which the alkyl 
radical has 1 to 10 C atoms, for example methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, pentyl, hexyl, octyl or 
decyl preferably C-C-alkyl radicals of the type 
mentioned, particularly preferably C-C-alkyl radicals of 
the type mentioned. 

The pressure range for the process according to the 
invention is from 50 to 350 bar, preferably 180 to 350 bar, 
particularly preferably 190 to 300 bar. 

The temperature range for the process according to the 
invention is from 150° to 350° C., preferably 250° to 325° 
C. particularly preferably 270° to 325° C. 

It is possible for the process according to the invention to 
be carried out without the use of a solvent or solvent 
mixture, but the presence of a solvent or solvent mixture 
which is stable under the reaction conditions is also possible, 
it being possible for solvents familiar to the expert to be 
employed for such applications. Since the presence of such 
solvents makes working up difficult, the reaction is prefer 
ably carried out without the presence of such solvents. 

It is possible according to the invention for any distilla 
tion refluxes, for example with a content of cyclopropan 
ecarboxylic acid esters which have not been hydrogenated 
completely, to be recycled into the reaction. 

The process according to the invention can be carried out 
either discontinuously or continuously. The apparatuses 
required for carrying out the process are known in the prior 
art and familiar to the expert. Examples which may be 
mentioned are: two-phase reactors with a fixed or agitated 
catalyst bed, the catalyst forming the solid phase and the 
other components (educt, products and H2) being in the gas 
phase, and multi-phase reactors in which one or more liquid 
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phases are present, in addition to the solid and the gaseous 
phase, such as, for example, a gassed stirred tank, bubble 
column, liquid phase reactor or trickle phase reactor. The 
process according to the invention can be carried out par 
ticularly advantageously in a continuous manner. This is 
advantageously effected by passing the liquid starting mate 
rial over the catalyst arranged in piece form in the reactor. 
for example in accordance with the trickle phase principle, 
while the hydrogen is passed in co- or countercurrent 
through the reaction tube. The hydrogen employed in excess 
(1 to 500 molar excess) is advantageously circulated. The 
process according to the invention is particularly preferably 
carried out in the gas phase. Comparable hydrogenation 
processes and their implementation according to the choice 
of conditions, for example the temperature, pressure and 
molar ratio of educt: hydrogen, are known to the expert. 

The process according to the invention is characterized 
by the use of a chromium-free catalyst comprising zinc 
oxide. The zinc oxide can be obtained by any method and 
manner known to the expert, for example by combustion of 
metallic zinc or by treatment of aqueous solutions of zinc 
salts with bases. A zinc oxide precipitated in this way is 
dried. The zinc oxide can be employed both in the form 
obtained and after one or more further processing steps. 
Thus, zinc oxide in powder form is preferred for use in 
suspension phases, while it is advantageous to convert the 
Zinc oxide into piece form for trickle phase and gas phase 
reactors. In this case, for example, the moist precipitate 
obtained by precipitation of zinc salt solutions is kneaded 
thoroughly in a kneader and processed to shaped pieces in a 
granulating apparatus. The still moist shaped articles are 
then calcined at 300° to 500° C. for 1 to 10 hours. Equally, 
however, the zinc oxide catalyst can also be absorbed onto 
a support known to the expert, such as SiO, AlO, TiO, 
ZrO, MgO and the like, or pressed and granulated with the 
aid of a binder (tabletting auxiliary). Based on the use of 
pure zinc oxide (100%), the content of ZnO in the catalyst 
is 20-100%, preferably 50–100% of the total catalyst 
weight. The amount of tabletting auxiliary, for example 
graphite, is 0-20% of the total catalyst weight, based on its 
emission (0%). 

Zinc oxide is an active substance with regard to the 
process according to the invention, the activity of which can 
also be acquired, modified or increased by mixing with other 
solids. To increase the activity of this catalyst, it may be 
advantageous to add further components, such as, for 
example, compounds of sodium, potassium, magnesium, 
calcium, vanadium, niobium, tantalum, molybdenum, iron, 
ruthenium, cobalt, rhodium, nickel. palladium, platinum, 
rhenium, copper or silver, in an amount of 1-30 g atom %. 
calculated as the metal on which the component is based and 
based on the g atom amount of Zn. These components can 
be applied in any manner known to the expert, for example 
by simultaneous or separate precipitation and subsequent 
bringing together or by impregnation of the zinc oxide with 
compounds dissolved in water or other liquids and subse 
quent drying. 

Additions of copper have proved to be particularly 
suitable. 

Pure zinc oxide having an internal surface area of more 
than 10 mig (BET), particularly preferably more than 35 
m/g and up to 150 m/g, if appropriate on a support or 
diluted with inert materials. is preferably employed. 

EXAMPLES 
Example 1 

4 g of methyl cyclopropanecarboxylate and 80 Nl of 
hydrogen per hour are passed through a reaction tube filled 
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with 40 ml of ZnO catalyst (tablets, 5x3 mm). The tempera 
ture was 2.97° C. and the pressure was 300 bar. 
The conversion of methyl cyclopropanecarboxylate was 

99% and the selectivity for hydroxymethyl-cyclopropane 
was 92%. 

Example 2 
Procedure as in Example 1, but ethyl cyclopropanecar 

boxylate was employed. 
The conversion of ethyl cyclopropanecarboxylate was 

99% and the selectivity for hydroxymethyl-cyclopropane 
was 93%. 

Example 3 
Procedure as in Example 1, but propyl cyclopropanecar 

boxylate was employed. 
The conversion of propyl cyclopropanecarboxylate was 

98% and the selectivity for hydroxymethyl-cyclopropane 
was 90%. 

Example 4 
Procedure as in Example 1, but butyl cyclopropanecar 

boxylate was employed. 
The conversion of butyl cyclopropanecarboxylate was 

99% and the selectivity for hydroxymethyl-cyclopropane 
was 89%. 

Example 5 
Procedure as in Example 1, but isobutyl cyclopropanecar 

boxylate was employed. 
The conversion of isobutyl cyclopropanecarboxylate was 

99% and the selectivity for hydroxymethyl-cyclopropane 
was 93%. 

Example 6 
5.5 g of isobutyl cyclopropanecarboxylate and 300 Nl of 

hydrogen per hour were passed through a reaction robe filled 
with 50 ml of ZnO tablets doped with copper (comprising 50 
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g of copper in the form of copper oxide and/or copper 
hydroxide per liter of ZnO tablets). The temperature was 
207 C. and the pressure was 300 bar. 
The conversion of isobutyl cyclopropanecarboxylate was 

98% and the selectivity for hydroxymethyl-cyclopropane 
was 91%. 
What is claimed is: 
1. A process for the preparation of hydroxymethyl 

cyclopropane from a cyclopropanecarboxylic acid C1-Co 
alkyl ester, in which the cyclopropanecarboxylic acid ester 
is hydrogenated with excess hydrogen in the presence of a 
chromium-free catalyst comprising zinc oxide under 50 to 
350 bar at 150° to 350° C. 

2. The process of claim 1, in which the hydrogenation is 
carried out under 180 to 350 bar. 

3. The process of claim 1, in which the hydrogenation is 
carried out at 250° to 325 C. 

4. The process of claim 1, in which a cyclopropanecar 
boxylic acid C-C-alkyl ester is employed. 

5. The process of claim 1, in which a cyclopropanecar 
boxylic acid C-C-alkyl ester is employed. 

6. The process of claim 1, in which Zn oxide is employed 
as the catalyst. 

7. The process of claim 1, in which the hydrogenation is 
carried out in the gas phase, the hydrogen being passed in 
cocurrent. 

8. The process of claim 1, in which the hydrogeration is 
carried out in the trickle phase, the hydrogen being passed 
in cocurrent. 

9. The process of claim 1, in which the hydrogenation is 
carried out in the gas phase, the hydrogen being passed in 
countercurrent. 

10. The process of claim 1, in which the hydrogenation is 
carried out in the trickle phase, the hydrogen being passed 
in countercurrent. 

11. The process according to claim 1, in which the 
hydrogenation is carried out in the gas phase. 

12. The process of claim 1, in which Zn oxide with an 
addition of copper is employed as the catalyst. 


